In recent years, two-wheeled inverted pendulum vehicles realizing high mobility have been developed. In such vehicles, an inverted pendulum control system maintains the vehicle's stability by only using the two driving parallel wheels. Therefore, the gravity center of the vehicle body with a passenger is higher than the wheel axis, and the vehicle is moved by leaning the vehicle body forward or backward by moving the gravity center. However, in the
case that the vehicle is in the power-off or control-off status caused by a breakdown in the vehicle, the stability of the vehicle cannot be maintained. The inherent mechanical instability of the inverted pendulum vehicle is inimical to safety. Consequently, the vehicle should be modified to provide stable support when the power supply stops or when the passenger gets on and off the vehicle. Moreover, we are now considering such the vehicle that the passengers focused on not only young people but else elderly and handicapped people can drive with sitting attitude. Then, in this case, since the gravity center is lower than the standing posture, the larger action of the passenger's upper body is required for operating the vehicle. However, the elderly or handicapped passenger is difficult to behave the large action in the vehicle. This paper presents an advanced parallel two-wheel vehicle that has an underslung vehicle body. In the proposed parallel two-wheel vehicle, since large wheels which its diameter is 1.05[m] are applied, and the battery, the actuators and the controller are placed at the lower position in the vehicle body, the gravity center of vehicle body with a passenger can be assigned at the lower position than the wheel axis. Therefore, the vehicle has a pendular structure that enables the vehicle body with the passenger to always maintain the stable posture, even if the vehicle is in the power-off or control-off condition. A 2-DOF joystick that has operation in pitching and yawing is applied to the proposed vehicle. The elderly or handicapped passenger can operate easily and intuitively the vehicle by this joystick. Then, when the passenger sits on the seat of the vehicle, the vehicle body is leaned by moving the gravity center of the vehicle body with the passenger. For compensating the vehicle body leaning, the seat positioning control system is proposed in this paper. The vehicle body's static posture lean control can be compensated by the proposed control system. Furthermore, the proposed control system is able to change the angle of the vehicle body in a state of stopping the vehicle. In the control system, the control input to the servomotor system is generated by PID control, consisting of vi Proportional control to compensate the error between the reference angle and the pitch angle of the vehicle body, Integral control to the integrated error, and Differential control to the angular velocity of the vehicle body. By moving the seat with the passenger, the posture of the vehicle body is compensated. And, while the vehicle is driven, the vehicle body is swayed due to the pitching oscillation by the acceleration of the vehicle driving. In order to suppress the vehicle body's swaying, the pitch sway suppression control system with an active mass is proposed in this paper. The proposed control system that does not use the driving force of the wheel is possible to stabilize the sway of the vehicle body even if the wheel is fixed by the braking device. Therefore, proposed attitude control system is advantageous for the safety of the parallel two-wheel vehicle. For designing the control system, the dynamics of the pitch angle in relation to the vehicle's body swaying is modelled by using the Lagrange equation of motion. Then, the control system is designed by the backstepping method.
The vehicle will be used by diverse passengers in the future. In this study, the mathematical model of the swaying of vehicle body with passenger and its model parameters identification are proposed. In the model parameters identification, it is clarified that the model parameters of each passenger are similar except for the passenger's mass. Furthermore, the control parameters are independent to interference from the model parameters. Therefore, in design of the sway suppression control to the diverse passengers, the only passenger's mass is given to the control system. Finally, effectiveness of the proposed control system is verified by experiments using the parallel two-wheel vehicle.
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